Abstract. In vehicular communication system, there is only a small number of samples for real time location system, so the sample covariance matrix will be a large degree of deviation from the signal covariance matrix. To solve this problem, a new method of DOA estimation is proposed in this paper, which improves the performance of DOA Estimation by modifying the sample covariance matrix. Simulation results illustrate the improvement achieved by the new method and demonstrate it is suitable for vehicular application.
Introduction
In recent years, vehicular communication [1, 2] has become a hot research topic in the intelligent transportation system [3, 4] . By MIMO-OFDM signal, Vehicular communication system perceive the surrounding environment changes and traffic conditions, and the MIMO antenna to determine the vehicle azimuth angle, finally, realizing the multiple objective location [5, 6] .
Because the integration system is in a high speed moving communication environment, the signal received by the user changes very quickly. DOA estimation methods, such as MUSIC algorithm [7] , root MUSIC algorithm [8] , Propagation operator algorithm [9] are based on the number of samples according to the covariance matrix. Although these algorithms have good performance of the super-resolution, but they need feature decomposition and spectral peak searching, the computational is very large. In small samples, these algorithm performance sharply decline. Therefore, these algorithm can't meet the demand of vehicular application. In the case of small samples, the sample data covariance matrix may deviate significantly from the actual signal covariance matrix. Literature [10] shows that the performance decline is related to the subspace leakage caused by the noise subspace, and the subspace leakage problem is introduced in detail.
In order to meet the requirement of car networking [11] , this paper proposed a new method that needn't spectral peak searching, which greatly reduces the amount of computation. Through update the covariance matrix of the sample data to solve the performance caused by the small number of samples decreased. Simulation results show that the new method is superior, and it lays a solid foundation for the real-time positioning of the vehicle networking.
System Model
The vehicle carrying the integrated system transmits MIMO-OFDM signal to the vehicle in the road, and the user receives the signal transmitted by the target vehicle. User can detect the orientation of the target vehicle according to the received signal through the appropriate processing algorithm. Due to the different azimuth angles of the target vehicle and the user, the integrated system of vehicle communication uses MIMO antenna processing technique to estimate the DOA of the target signal. Under the 802.11p standard, the whole process can be regarded as the point to point target detection. This paper assumes that the target from different directions.
For studing convenient, based on the hypothesis that the vehicular communication system of MIMO antenna array is uniform linear array, which is shown in Fig 1. The number of antennas at the transmitting end and the receiving end is T M and R M . Fig.1 show signal receiving model in Figure 2 shows the distribution scheme for the transmitter antenna.
The signal from the antenna p (
Where sym N is a number of OFDM symbol, c T N M is the number of subcarriers assigned to one antenna ( c N is the total number of subcarriers used for all antennas), T d is modulated data,
is the spacing between adjacent subcarriers. Therefore,
Due to the slight difference in the transmit-receive antenna array positions, the received signal at the 0,1, ,
receive antenna can be expressed as：
Where, 
is the direction vector of i signal, n(t) is noise vector.
New DOA Estimate Method
At the receiving end, the noise source can be seen as independent of time t, Number of receiving samples is N, thus the estimated value of receiving samples data ( )( )
covariance matrix is given by: 
Where (4) is the signal and noise components. The last two terms are undesirable by-products. Under the study of system model, we consider the signal and noise components are uncorrelated to each other. As a result, for a large enough number of samples N, the last two terms tend to zero. However, the number of available samples in vehicle environment can be limited in practical applications. In this case, the last two terms may have significant values. Therefore, we update the covariance matrix of the sample data.
The third term in (4) can be signed as Therefore, the differences between the observations and the estimates can be reduced. Divided matrixÂ into two submatrices 1 A and 2 A , 1
Hence 1
A is invertible, there is a linear operator
The received signal vector A is similar toR that of a subspace, thus, in the absence of noise. 
Similarly，The matrix R is divided into two submatrices 1 R and 2 R , 1
, In the condition of small samples, using root MUSIC algorithm get the DOA estimate value at first step, then updating the sample covariance matrix to reduce the leakage of the signal subspace. Finally we can obtain the function by the formula ( ) f θ , To minimize ( ) f θ we can obtain the estimated value :
Simulation Results and Performance Analysis
Simulation experiments based on IEEE 802.11p standard under the vehicle networking. Table 1 shows the standard simulation parameters. In the simulation, the proposed method and root MUSIC algorithm applied to the system. There are three targets considered in the simulation. Simulation including DOA estimation, algorithms RMSE simulation compare under different samples. The number of Monte-Carlo experiments is 100 at each sample and result is shown in Fig. 4 , which indicates that the performance of the new method is better than root MUSIC algorithm at small samples. It can be seen that the new method can obtained the angular close to the real value.
The new method can obtain better performance in small sample size, it is a better algorithm. 
Conclusion
According to the requirements of vehicle networking, to improve the performance of DOA estimation algorithm in small samples, this paper presents a new method to update the covariance matrix of the two step, which has good performance and suitable for vehicular application. The new method can also be updated in three steps to achieve a higher angle estimation accuracy. Experiments show that the new method is of high accuracy and can improve the engineering realization of the integrated system in the vehicle networking application environment.
